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ABSTRACT
AGB star R Dor is very similar to AGB star EP Aqr for which evidence for narrow
high velocity polar streams of gas in its nascent wind has been recently obtained.
We study the morpho-kinematics of the circumstellar envelope of R Dor at distances
between ∼10 and ∼100 au from the star using archival ALMA observations of five
different molecular lines. High Doppler velocity enhancements of the line emission are
observed in the vicinity of the line of sight crossing the star, similar to those interpreted
as gas streams in EP Aqr. We consider whether they might in fact be artefacts of an
improper data reduction, in particular by looking at data obtained without continuum
subtraction, but fail to find a plausible interpretation in such terms. The implications
for the detection of high Doppler velocities at short distances from an AGB star are
discussed.
Key words: stars: AGB and post-AGB – circumstellar matter – stars: individual: R
Dor – radio lines: stars.
1 INTRODUCTION
In a recent study of the circumstellar envelope of the oxygen-
rich AGB star EP Aqr (Tuan-Anh et al. 2019), we presented
evidence for collimated streams of gas flowing along the star
axis at velocities twice as high as the wind terminal veloc-
ity; we gave arguments suggesting that they play a role in
the nascent wind of the mass-losing star. In the present let-
ter, we comment on similarities between EP Aqr and an-
other oxygen-rich AGB star, R Dor. They are both semi-
regular variables of the SRb type, belong to similar spectral
classes, M8IIIvar and M8IIIe, have similar initial masses,
between 1 and 2 M⊙, similar mass loss rates, ∼ 1.6 10
−7
M⊙yr
−1 (Hoai et al. 2019; Maercker et al. 2016), similar
temperatures, 3200 and 2400 K (Dumm & Schild 1998;
Maercker et al. 2016), and are both close to the Sun, at dis-
tances of ∼ 119 pc (van Leeuwen 2007; Gaia Collaboration
2018) and ∼ 59 pc (Knapp et al. 2003), respectively; both
display no technetium in their spectrum (Lebzelter & Hron
1999) and have a same 12CO/13CO abundance ratio of
∼ 10 (Tuan-Anh et al. 2019; Ramstedt & Olofsson 2014).
They differ by their pulsation period, 55 days for EP Aqr
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(Lebzelter & Hinkle 2002) and a dual period of 175 and 332
days for R Dor (Bedding et al. 1998) but their infrared emis-
sions above black body are similar between 1 and 40 µm
wavelength (Heras & Hony 2005), the main difference being
a relative enhancement of silicates and depression of alu-
minium oxide in the EP Aqr dust.
While the morpho-kinematics of the circumstellar enve-
lope of EP Aqr has been measured up to some 1000 au from
the star (Homan et al. 2018a; Nhung et al. 2019; Hoai et al.
2019; Tuan-Anh et al. 2019), very little is known of R Dor at
such distances, except that its wind has an approximate ter-
minal velocity of 5 to 6 km s−1 (Van de Sande et al. 2018),
a result obtained from modelling a number of single dish
observations assuming spherical symmetry. The former is
dominated above 200 au by an axi-symmetric radial wind
having reached a terminal velocity of ∼ 2+ 9 sin2 α km s−1,
α being the stellar latitude, the equatorial region hosting
modulations in the form of a spiral of intensity and circular
rings of velocity. Two narrow collimated polar streams of
gas accelerate to ∼ 20 km s−1 between some 20 and 100 au
before fading away, while the slower wind accelerates toward
terminal velocity. The polar axis makes an angle of ∼ 10◦
with the line of sight. Rotation dominates at distances be-
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low some 30 au from the star and disappears at distances in
excess of 100 au.
The inverse situation applies at short distances from the
star, EP Aqr being essentially unexplored below some 20 au.
On the contrary, R Dor has been observed by ALMA with
a spatial resolution of ∼ 2.2 au, resolving a stellar disc of
∼ 3.6 au in diameter and giving evidence for rotation with
a velocity of (1.0 ± 0.1)/ sin i km s−1 at the stellar surface
about an axis projecting 7◦ ± 7◦ east of north on the sky
plane (Vlemmings et al. 2018); however, the angle i between
the rotation axis and the line of sight is unknown. The dust
has been observed at the VLT with a resolution of 1.2 au
(Khouri et al. 2016) and the gas envelope has been probed
by ALMA with a resolution of 4 au (standard deviation) up
to some 60 au from the star (Decin et al. 2018; Homan et al.
2018b), the detection of a south-eastern“blue-blob”,∼ 15 au
from the star, being interpreted as suggesting the presence of
a companion; strong absorption of the stellar disc emission
has been observed in the blue-shifted hemisphere.
In what follows, we explore a possible interpreta-
tion of the morpho-kinematics of the nascent wind of R
Dor in terms similar to EP Aqr. Below ∼ 15 au, the
analyses of Khouri et al. (2016), Danilovich et al. (2016),
De Beck & Olofsson (2018), Van de Sande et al. (2018),
Decin et al. (2018), and Vlemmings et al. (2018) have con-
tributed a considerable amount of detailed information of
relevance to the physico-chemistry and dynamics of both
dust and gas: we refer the reader to their descriptions
and interpretations of the slow wind. We discuss instead
the large Doppler velocity features displayed by line emis-
sions detected between ∼ 15 and ∼ 50 au from the star
(Decin et al. 2018; Vlemmings et al. 2018), which suggest
similarities with the EP Aqr dynamics. These include exci-
tations of five different molecules: CO, SiO, SO, SO2 and
HCN.
2 OBSERVATIONS AND DATA REDUCTION
The data are retrieved from ALMA archives and have been
reduced by the ALMA staff. The SO data (time on source
of ∼ 2.7 hours) are from project 2017.1.00824.S observed in
December 2017 in band 6 with an average of 45 antennas
and all other data (time on source of ∼ 25 minutes) from
project 2013.1.00166.S observed in summer 2015 in band
7 with an average of 39 antennas (Table 1). These observa-
tions include data-sets associated with significantly different
uv coverage, implying different reach in the distance to the
star projected on the plane of the sky. While this results
in important differences in the flux-density measured in the
region of the slow wind, we have checked that very similar
results are instead obtained in the region of large Doppler
velocities explored here.
3 LARGE DOPPLER VELOCITY
COMPONENTS
We use coordinates rotated to have the “blue-blob”detected
by Decin et al. (2018) at position angle of approximately
180◦, meaning that the x axis points 35◦ north of east and
the y axis 35◦ west of north; the z axis points away from us,
parallel to the line of sight, and the origin of coordinates is
taken at the centre of continuum emission. Doppler velocity
(Vz) spectra are referred to a local standard of rest velocity
of 7.0 km s−1.
Projections of the data-cubes on the (x, Vz) and (y, Vz)
planes, to which we refer as P-V maps, are shown in Figure 1.
In all cases the larger values of |Vz| are confined near x = 0,
very much as was observed in EP Aqr (Tuan-Anh et al.
2019). We define large Doppler velocity components as hav-
ing |Vz| > 7.5 km s
−1 in order to separate them from the
slower wind. Figure 2 displays the maps of their integrated
intensity; together with Figure 1, they show an acceler-
ating stream-like morphology, which was already apparent
from the progression of the “blue-blob” toward the star at
a rate of ∼ 0.7 km s−1 au−1 in the SO2 channel maps dis-
played in Figure 13 of Decin et al. (2018). Their interpre-
tation as streams rather than blobs is justified from their
continuity with the slow wind and from their rapid colli-
mation when |Vz| increases. The front line of the slow wind
is well-defined in the P-V maps. In the red-shifted hemi-
sphere, the Vz spectra of the slow wind, integrated up to
R =
√
x2 + y2 = 0.7 arcsec, are found to decrease abruptly
over only ∼ 2.5 km s−1 from maximum to zero, which they
reach at ∼ 7.0,∼ 8.3,∼ 6.2,∼ 6.0 and ∼ 6.8 km s−1 for
CO, SiO, SO, SO2 and HCN respectively, revealing different
radial dependence of the gas density being probed along the
line of sight and/or different uv coverage implying a different
reach in R. Another evidence for such disparity is obtained
from the values taken by the fraction of the intensity having
|Vz| > 7.5 km s
−1, a measure of the “jettiness”, 3.4%, 8.9%,
2.7%, 9.3% and 0.5% for CO, SiO, SO, SO2 and HCN respec-
tively. In particular, evidence for stream-like morphology is
barely significant in the case of HCN. In this context we re-
mark that the CO, SiO and SO2 observations were made on
a same day with a same antenna pattern while HCN was
observed the day before with a different antenna pattern
associated with a different uv coverage.
The confinement of the red-shifted stream in the vicin-
ity of the line of sight is disturbing. Contrary to EP Aqr,
where axi-symmetry about the line of sight is well estab-
lished, R Dor is known to host a rotating disc that is seen
nearly edge-on, as observed by Homan et al. (2018b): from
the aspect ratio of the integrated intensity of the molecu-
lar line emissions projected on the sky plane, the disc axis is
seen to make an angle of about 20◦ with the plane of the sky.
A gas stream interpretation implies that the streams are ac-
celerated to nearly 20 km s−1 and further decelerated down
to ∼ 6 km s−1 within some 100 au from the star. As gravi-
tational pull causes the radial velocity to decrease in inverse
proportion to the square root of the distance, this implies
that the largest velocity would be reached at ∼ 10 au from
the star. An interpretation in terms of a pulsating spherical
shell would be even more challenging, implying that acceler-
ation and deceleration must take place within no more than
20 au from the star.
The data used in the present work have been obtained
after subtraction in the uv plane of the contribution of con-
tinuum emission. The noise being low in both line and con-
tinuum emissions, it remains low in the subtraction and,
from the point of view of noise, the significance of the obser-
vation of high Doppler velocity components is good. How-
ever, systematic uncertainties affecting differently the two
MNRAS 000, 1–5 (2019)
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Table 1. Line emissions considered in the present work. All are in the vibrational ground state.
Line
Beam Noise Channel spacing
(mas2) (mJy beam−1 channel−1) (km s−1)
CO(3-2) 180×140 5.5 0.42
SiO(8-7) 180×130 4.8 0.42
SO(65-54) 154×147 1.1 0.29
SO2(134,10-133,11) 160×130 6.3 0.41
HCN(4-3) 157×145 8.5 0.41
terms of the subtraction would be more effective than noise
at lowering the significance of the observed signal. Indeed,
near the line of sight at the highest Doppler velocities and
over an area at the scale of the beam, emission is dominated
by the black-body radiation of the star. Rather than at-
tempting to evaluate precisely the systematic uncertainties
affecting the quantity of flux density being subtracted, it is
simpler and more reliable to analyse directly the raw data,
without continuum subtraction. This was done on the SiO
observations and is illustrated in Figure 3 using two differ-
ent data-sets having significantly different uv coverage. The
Doppler velocity distributions obtained for |Vz| > 8 km s
−1
display uniform continuum emission beyond |Vz| > 20 km
s−1 at a level of ∼ 0.6 Jy on both red-shifted and blue-shifted
sides. This result, in agreement with the value obtained by
Decin et al. (2018), and independent from the data-set be-
ing used, gives confidence in the reality of the high Doppler
velocity components, seen to rise above continuum emission
below |Vz| ∼ 20 km s
−1. Moreover it indicates that effects of
absorption and radiative transfer cannot be large and can be
ignored. The figure provides also evidence for the emission
to be essentially contained within R < 0.3 arcsec (18 au).
The mean projected acceleration, averaged over the (Vz
vs y) P-V maps of Figure 1 is 0.68 ± 0.10 km s−1 au−1.
However, while the red-shifted stream is nearly parallel to
the line of sight, the blue-shifted stream spans a significant
y interval, implying that they are not exactly back-to-back;
yet, their similar reach in |Vz| suggests that the blue-shifted
stream also makes a small angle to the line of sight. To be
more precise would require de-projection, which is uncon-
strained. In order to get some idea of a possible geometry,
we use an example illustrated in the the left panel of Figure
4, where we assume arbitrarily that a stream velocity of 20
km s−1 is reached over a distance of 60 au along the line
of sight. Approximating the stream projections on the P-V
maps of Figure 1 as shown by black arrows, we find that the
red-shifted stream reaches this distance at ∼ −0.1 arcsec in
x and ∼ 0.1 arcsec in y while the blue-shifted stream reaches
it at ∼ 0.1 arcsec in x and ∼ −0.35 arcsec in y. This means
an angle of ∼ 8◦ between the red-shifted stream and the line
of sight, an angle of ∼ 20◦ between the blue-shifted stream
and the line of sight, and an angle of ∼ 14◦ between the two
streams.
The x and y profiles of the gas streams (excluding HCN)
are illustrated in the right panels of Figure 4. They are re-
ferred to the stream axes indicated as black arrows in Fig-
ure 1 and have Doppler velocities in excess of the slow wind
front-line velocities listed above. On average, they are well
centred to within ±30 mas (1.8 au); Gaussian fits give stan-
dard deviations with respect to the mean of 90 mas in x and
120 mas in y, meaning, after beam de-convolution, 70 mas
(4.2 au) in x and 90 mas (5.4 au) in y. For a mean distance
of 30 au along the line of sight, this would correspond to an
opening angle (standard deviation) of ±9◦.
While beyond the scope of the present short letter, we
note the presence of significant depletions in well-defined
regions of the data-cubes, in particular between Doppler ve-
locities of −1 and 3 km s−1. This is reminiscent of the blue-
western depletion observed in EP Aqr by Tuan-Anh et al.
(2019), who argue that it may be related to the nascent jets.
In the present case, the complexity of the observed morpho-
kinematics would require a much more detailed analysis of
all available data, preferably not continuum-subtracted, be-
fore possibly revealing such relation between the observed
depletions and the higher velocity gas streams.
4 CONCLUSION
Evidence has been obtained for a possible description of the
nascent wind of AGB star R Dor in terms of a pair of high
velocity gas streams emitted nearly back-to-back near the
line of sight. They are reminiscent of those observed in sim-
ilar conditions in the nascent wind of EP Aqr, an AGB star
having properties very similar to R Dor. However, at vari-
ance with EP Aqr, the R Dor streams are nearly perpendicu-
lar to the rotation axis favoured by Vlemmings et al. (2018)
for the star and by Homan et al. (2018b) for the rotating
disc surrounding it. This makes one suspect that they might
be artefacts of improper data reduction and/or continuum
subtraction. However, an analysis of unsubstracted data con-
firms the gas stream interpretation rather than suggesting
a plausible interpretation in terms of artefacts. Of course, if
the streams were emitted close to the sky plane, they would
simply be undetected: such streams can only be observed
when their angle with the line of sight is not too large. Fur-
ther developments are beyond the scope of the present short
letter but the possible presence of a pair of high velocity
gas streams, less than 100 au from each of two similar AGB
stars, cannot be ignored when attempting a description of
the mechanism governing the launch of their nascent wind
and the breaking of the spherical symmetry present in the
Red Giant phase. Future high resolution studies of other
AGB stars displaying significantly higher Doppler velocities
near the line of sight crossing the star than implied by the
terminal wind will help clarifying the issue and possibly re-
veal artefacts that have been overlooked in the present work.
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Figure 1. P-V maps in the Vz vs x and vs y planes. The colour scale is in units of Jy arcsec−1. Yellow lines show the cuts applied in
the definition of the large Doppler velocity components. The SO map extends up to 2 arcsec. The black arrows cover from the origin to
(x, y)=(0.1,−0.35) arcsec and Vz = −20 km s−1 in the blue-shifted hemisphere and to (x, y)=( −0.1,0.1) arcsec and Vz=20 km s−1 in
the red-shifted hemisphere.
Figure 2. Intensity maps of the high |Vz | components. Contours show the red-shifted stream, the colour maps show the blue-shifted
stream. The colour scale is in units of Jy beam−1 km s−1. The contour levels are at 10%, 20%, 30%, 50%, 70% and 90% of the peak
intensity of the blue-shifted stream. The beams are shown in the lower left corners.
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